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(57) Abstract 

Process to ascertain combustion and/or decomposition of gaseous and/or by air or other gas carried particulate pol- 
lutants. The invention makes possible an effective and safe combustion and/or decomposition of pollutants not desired to 
escape into the environment The pollutants are fed into a combustor (I) in which the pollutants are self combusted and/or 
are made to self decompose, whereby in the combustor outgoing gas is made to heat ingoing gas and/or by air or other gas 
carried particulate pollutants through counter current regenerative heat exchange. The invention also refers to an equip- 
ment for accomplishment of the process. 
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Process for Combustion or Decomposition of Pollutants and 
Equipment therefor 

The rate of a combustion reaction is very 
sensitive to temperature and the rate increases strongly 
5 with increasing temperature. In a combustion process it is 
necessary that the temperature of the flame or combustion 
zone is high enough to make the reaction proceed with rea- 
sonable speed. 

In an ordinary flame this is accomplished 

10 by the fact that heat from reacted gas heats not yet reacted 
gas. For a flame to survive it is then necessary that the 
heat generated in a gas volume during the reaction is enough 
both to cover losses to the environment and to heat adjacent 
not yet reacted gas to a temperature sufficiently high to 

15 make the combustion process proceed there. 

Even for. good fuels like hydrogen and hydro- 
carbons the case may be that generated heat is not sufficient. 
The flame then dies. This is the case when the concentration 
of burnables in an air mixture is too. low (or so high that 

20 the oxygen concentration is too low) . When judging the danger 
for a possible explosion a common concept is lower (or upper) 
explosion limit. 

In many cases there are emissions of inherent- 
ly energy rich and easily combusted substances where, how- 

25 ever, their concentrations are so low that they cannot support 
an ordinary combustion. This is the case for instance with 
evacuated air from many paint and printing shops. 

To purify such air by combustion of the sol- 
vents there are two conventional ways: 

30 1. The administration of heat to the air for 

instance by means * of support flames so that the whole gas mix- 
ture is heated to a temperature high enough. This method is 
simple and usually works well, but when the original concent- 
ration is. low it demands much energy for the heating, which 

35 makes this method expensive. 
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2. The use of catalysts. By using cata- 
lysts it is possible to make a combustion process proceed 
at a comparatively low temperature. This is done by making 
the gas pass over the catalyst which has the capability to 
5 make a combustion process proceed although both temperature 
and concentrations of burnables are low. Hereby much energy 
is saved compared to method 1 above. However , the method 
has some drawbacks, for instances 

a) Catalysts are expensive. 
iO b) Catalysts are easily destroyed by certain 

impurities in the gas even if their concentration is low 

(catalyst poisons) . 

c) Catalysts usually are sensitive to tempe- 
rature and destroyed at too high temperatures. Consequently, 

15 gas mixtures with too high concentrations of burnables cannot 
be treated and the whole process is sensitive to variations 
of concentration of burnables. 

The present invention relates to a process 
for the establishment of combustion and/or decomposition of 

20 pollutants in the form of gas or particles carried by air 
or other gas- 

The main object of this invention is to bring 
about a process of the above mentioned kind which makes 
possible an effective and reliable combustion and/or decom- 

25 position of pollutants for instance obtained in industry 

such as air evacuated from paint spraying booths or nitrogen 
oxides and thereby prevent harmful gases and particles from 
entering the environment. 

This object is attained by a process accord- 

30 ing to the present invention of which the main characteris- 
tics are that the pollutants are fed into an apparatus in 
which the -pollutants are heated to self combustion and/or 
decomposition temperature while warmer treated gas flowing 
through the bed in direction towards the exhaust part of 

35 the combustion device is allowed to heat inflowing gas and/ 
or by air or other gas carried particles by means of regene- 
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rative countercurrent heat exchange. 

A second object of the invention is to 
present an apparatus by means of which the above mentioned 
process can be practised. 
5 Said second object is accomplished by an 

apparatus according to the present invention characterized 
by said apparatus incorporating a bed filled with sand, 
stone or the like having the ability to store heat and 
exchange heat and having means for heating of the inner 

10 portion of said bed to self decomposition temperature and/ 
or self combustion temperature for instance by means of an 
electric heater in the bed or by means of gaseous fuel. 

The invention is described below as a pre- 
ferred arrangement whereby reference is made to the enclosed 

15 drawing which schematically shows an apparatus capable of 
performing the process according to the invention, 

A "combustor" 1 which preferably is suited to 
be used effectively according to the invention comprises a 
bed of sand, stone or other material which has the ability 

20 to store and exchange, heat and* to combust and/or decompose 
gaseous or particulate pollutants carried by air or other 
gas in the bed. For instance air evacuated from paint spray- 
ing booths or other gases which contain burnable gases etc. 
and/or for instance nitrogen oxides or other gases possible 

25 to decompose can be combusted and/or decomposed in said bed 
1. This is only due to the high temperature, i.e. without 
the bed participating in the reaction otherwise than as a 
means to establish the high temperature. For the purpose 
of accomplishing an effective self combustion and/or self 

30 decomposition of the pollutants in the bed 1 the latter is 
equipped with means of appropriate kind to heat it prefer- 
ably in the middl.e portion of the bed to desired self de- 
composition and/or self combustion temperature, for instance 
by means of an electric heater or by means of oil or gaseous 

35 fuel. A conduit 2 communicating with the two ends 1A and IB 
respectively of the combustor l.also communicates with a 
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device 3 for periodic changing of the direction of flow 
.which can be manually and/or automatically operated. 
After start of the apparatus 1, i.e. heating the bed to 
the self combustion and/or self decomposition temperature 
5 of the medium intended to be treated, the intention is to 
preferably let the pollutants in question be fed into it 
by means of conduit 2 in order to drive the apparatus 1, 
but mainly to ascertain a complete combustion of said 
pollutants which may be harmful or odorous like paint 
10 gases. 

The feeding of pollutants to the device 3 

for changing of flow direction is done through a duct 4 

from the inlet 5. 

' Changing of the direction of flow by means 

15 of the device 3 by for instance an incorporated valve 6 
which can be switched between two alternative positions- 
makes the feeding of pollutants coming via the inlet 5 
to the combustor in one or the other of the two directions 
7 or -8 by means of ducts 9 or 10 . Said duct 2 also works 

20 as outlet for air and/or gas from the combustor 1- to an 

exhaust duct 11 which leads from the flow direction changer 
3 to an exhaust 12. 

The counter current regenerative heat ex- 
change occurring in the bed makes it possible to use the 

25 heat contents of the treated gas which leaves through the 
bed l f of the combustor 1 to heat the gas and/or air or of 
other gas carried particulate pollutants which are being 
fed inwards through said bed 1' • Preferably this is done 
so that maximum temperature and combustion and/or decompo- 

30 sition occurs in the central parts of the bed 1'. This is 

accomplished by changing of the direction of gas flow through 
the combustor 1 ahd its bed 1' at suitable time intervals 
by means of the gas flow direction changer 3 . Hereby it is 
--made possible to keep the maximum of the temperature profile 

35 in the central parts of the combustor bed where said com- 
bustion and/or decomposition is desired to take place. 
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After start of operation of the combustor 
at desired self combustion and/or self decomposition tem- 
perature by using the above mentioned heating means the 
combustion and/or decomposition of the pollutants can often 
5 proceed by influence from the heat of the bed 1' without 
having any extra energy supplied by the heating means. 
This is the case when heat produced by the reaction in the 
bed is enough to compensate for unavoidable heat losses 
from for instance incomplete heat exchange in the bed, 
10 In cases when the pollutants are rich in 

energy, produced excess heat could be utilized by extraction 
at desired temperature level by means of cooling tubes 
installed at suitable positions in the bed. 

A storing device M which makes possible a 
15 * safe reception of pollutants which are fed from the inlet 5 
to the changing device 3 during the time said changing de- 
vice 3 is being switched over for the reversal of the flow 
direction in the conduit 2 to the combustor 1 is connected 
to the outlet duct 11 after the direction changer 3, as seen 
20 in the direction of trie flow. This is done to prevent pollu- 
tants to escape in connection with the above described inter- 
change of point of feed and point of outlet of gas/air. 
Preferably said storing device M comprises a comparatively 
long duct 13 which makes it possible to temporarily store 
25 air/gas of said kind. A circuit 14 which comprises an ent- 
• ranee duct 15 which is connected to the exhaust duct 11 
before an incorporated valve 16 or the like and an outlet 
17 which is connected to the inlet duct 4 is connected to 
said long duct 13 or the like in store- M incorporated recep- 
30 tion reservoir. One way valves 18 and 19 which make it 

possible to convey air and/or gas in the direction of the 
arrows 20 and 21 on the drawing to and from the store M # 
but are designed to automatically shut off flow in the 
opposite direction, are incorporated in the inlet and outlet 
35 ducts 15 and 17, respectively. A valve 22 is incorporated 
in a duct 23 leading for instance outside from the store M 
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and a fan 24 or some other type of blowing machinery is 
connected to the store M. This fan can preferably be run 
continuously while the device is operating. Changing of 
flow is made possible according to the following: Positions 
5 of the valve 6 at the switching device 3 according to the 
continuous line in the drawing will convey the pollutants 
in the direction 7 in the conduit 2 into the combustor 1 
and convey treated gas to the outlet 12 from the combustor 
1 in the direction 25. Reversal of the valve 6 according 

10 * to the dashed line on the drawing will convey the pollu-" 

tants from the entrance 5 to the combustor 1 in the direct- 
ion 8 and thus treated gas by me ins of the circuit 9 to the 
exhaust 12 in the direction 26. When opening valve 22 the 
one way valve 19 is automatically shut so that possible gas 

IS flowing towards exhaust 12 is instead conveyed into the 
store M when valve 16 has been shut off and the one way 
valve 18 opened. This is done when changing the direction 
of gas flow by means of the device 3 and the circuits are 
blown through for a certain time after the change of direct- 

20 tion to make pollutants not desired to escape instead go 

into the store M. Thereafter the valve 16 is opened whereby 
one way valve 18 is automatically shut off and valve 22 is 
closed so that one way valve 19 automatically opens. Air /gas 
stored in M is then fed to the inlet duct 4 and to the com- 

25 bustor 1 in the above mentioned way by means of the fan 24 

in the direction of arrow 21. The store M thus makes possible 
an effective storage of harmful air/gas which otherwise could 
have escaped during the changing of direction of flow. 

The invention is not limited to the embodiment 

30 described above and shown on the drawing, but can be varied 
within the limits of the claims without differing from the 
scope of the invention. • 
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Claims 



!• A process for the establishment of combust- 

ion and/or decomposition of pollutants in the form of gas, 
droplets or other particles carried by air or other gas, 
characterized by said pollutants being fed 
5 into an apparatus in which the pollutants are heated to 
self combustion and/or self decomposition temperature 
while warmer treated gas flowing through the bed in direct- 
ion towards the exhaust port of the combustion device is 
caused to heat said inflowing gas and/or by air or other 
10 gas carried particles by means of regenerative counter 
current heat exchange, 

2. A process according to claim 1, charact- 
erized by changing the direction of gas flow through 
the bed of the combustion device (1) at suitable time inter- 

15 vals by means of a gas flow direction changing device (3) 
which is connected to the combustion device. 

3. A process according to anyone of the preced- 
ing claims, ch-aracterized by directing the 
pollutants through a bed (I 1 ) consisting of sand, stone or 

20 other material having heat accumulating and heat exchanging 
properties, said bed being positioned within the combustion 
apparatus in order to combust and/or decompose said pollu- 
tants . 

4. 'A process according to claim 3, charact- 
25 erized by heating the central portion of the bed up 

to decomposition and/or combustion temperature, at least 
from the starting point, by means of an electric heater 
positioned within the bed (I 1 ) or by means of oil, gas etc. 

5. A process according to anyone of the preced- 
30 ing claims, c'haracteri z'e d by safely passing 

the gas stream coming from said device for changing direction 
of flow into a store (M) in connection with the changing, from 
which store the gas is later fed into the combustion device. 
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6. A process according to claim 5, ch^ract 
erized by cutting off the putlet communication (11) 
between the changing device (3) and the outlet (12) by means 
of a valve (16) and thereby opening a one way valve (18) 

5 positioned within a duct (15) which is connected to the 
storing device (M) . 

7. A process according to claim 6, charact 
erized by opening an inlet duct leading from the 
environment to the storing device (M) by means of a valve 

10 (22) etc. and thereby closing a one way valve (19) positioned 
within an outlet duct (17) leading from the storing device 
(M) and being in communication with an inlet duct (14) 
extending between the inlet (5) and the changing device 

(3) ' 

15 8. A process according to anyone of claims 1-7, 

characterized by extracting surplus heat by 
means of cooling tubes positioned in the bed. 

9. An apparatus for combustion and/or decompo- 
sition of pollutants in the form of gas, droplets or other 

20 particles carried by air or other gas according to anyone of 
the preceding claims, characterized by a 
coxribustor (1) comprising for instance a bed of sand, stone 
or other material having heat accumulating and heat exchang- 
ing properties and means for heating of a central portion of 

25 said bed up to self decomposition and/or self combustion tem- 
perature of the medium intended to be treated, for instance 
by means of an electric heater positioned within the bed 
or by means of gas or oil and said combustor being of so 
called regenerative kind being able to receive, a flow of 

30 said pollutants alternatively in different directions. 

10. An apparatus according to claim 9, charac 
terized by ct device (3) for changing the gas direct- 
ion which is connected to the combustor (1) via a communica- 
tion (2)' alternatively connectable to an inlet (5) and an 

35 outlet (12) respectively in order to feed polluted gas into 
the combustor (1) and extract treated gas from the combustor 
(1). 
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11, An apparatus according to claim 10 , 
characterized by having storing* means (M) 
for temporary receipt of gas' flowing from the device used 
for changing the flow direction during and shortly after 

5 the changing of flow direction, said storing means prefer- 
ably incorporating an extended communication then returning 
uncompletely treated gas to the inlet side of the combustor. 

12. An apparatus according to anyone of claims 
9*11, characterized by having cooling tubes 

10 positioned within said bed in order to make use of surplus 
heat. 
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AMENDED CLAIMS 
[received by the International Bureau on 8 November 1985 (08.11.85); 
original claims 1-12 replaced by amended claims 1-12 (3 pages)] * 

1. A process for the establishment of combust- 
ion and/or decomposition of pollutants in the form of gas r 
droplets or other particles carried by air or other gas, , 
characterized by said pollutants being fed 

5 into an apparatus in which the pollutants in a bed after a 
starting up stage of the process are heated to self com- 
bustion and/or self decomposition temperature while warmer 
treated gas flowing through the bed in direction towards, 
the exhaust port of the combustion device is caused to heat 
10 • said inflowing gas and/or by air or other gas carried 

particles by means of regenerative counter current heat 
exchange mainly without external energy supply. 

2. A process according to claim 1, charact- 
erized by changing the direction of gas flow through 

IS the bed of *the combustion device (1) at suitable time 

intervals by means of a gas flow direction changing device 
(3) which is connected to the combustion device* ^ 

3. a process according to anyone of the preced- 
ing claims, characterized by directing tlie^ 

20 pollutants through a bed (1') consisting of sand, stone "or 
other material having heat accumulating and heat exchanging 
properties, said bed being positioned within the combustion 
apparatus in order to combust and /or decompose said pollu- 
tants . 

25 4. 'A process according to claim 3, charact- 

erized by heating the central portion of the bed up 
to decomposition and/or combustion temperature ,• at least 
from the starting point, by means of an electric heater 
positioned within the bed {!■) or by means of oil, gas etc. 

30 5. A process according to anyone of the preced- 

ing claims, characterized by safely passing 
the gas stream coming from said device for changing direction 
of flow into a store (M) in connection with the changing, 
from which store the 1 gas is later fed into the combustion 

35 device. 
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6. A process according to claim 5, charact 
erized by cutting off the outlet communication (11) 
between the changing device (3) and the outlet (12) by means 
of a valve (16) and thereby opening a one way valve (18) 

5 positioned within a duct (15) which is connected to the 
storing device (M) . 

7. A process according to claim 6, charact 
erized by opening an inlet duct leading from the 
environment to the storing device (M) by means of a valve 

10 (22) etc. and thereby closing a one way valve (19) positioned 
within an outlet duct (17) leading from the storing device 
(M) and being in communication with an inlet duct (14) 
extending between the inlet (5) and the changing device 
(3) . 

15 B-m A process according to anyone of claims 1-7 , 

characterized by. extracting surplus heat by 
means of cooling tubes positioned in the bed. 

9. An apparatus for combustion and/or decompo- 
sition of pollutants in the form of gas, droplets or other 

20 particles carried by sLir or other gas according to anyone of 
the preceding claims, characterized by a 
combustor (1) comprising for instance a bed of sand, stone 
or other material having heat accumulating and heat exchang- 
ing properties and means for heating of a central portion of 

25 said bed up to self decomposition and/or self combustion tem- 
perature of the medium intended to be treated, for- instance 
by means of an electric heater positioned within the bed 
or by means of gas or oil and said combustor being of so 
called regenerative kind being able to receive a flow of 

30 said pollutants alternatively in different directions. 

10. An apparatus according to claim 9, c h a r a c 
t erized by a device (3) for changing the gas direct- 
ion which is connected to the combustor. (1) via a communica- 
tion* (2) alternatively connectable to an inlet (5) and an 

35 outlet (12) respectively in* order to feed polluted gas into 
* the combustor (1) and extract treated gas from the combustor 
(1). 
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11. An apparatus according to claim 10 , 
characterized by having storing means (M) 
for temporary receipt of gas flowing from the device used 
for changing the flow direction during and shortly after 

5 the changing of flow direction, said storing means prefer- 
ably incorporating an extended communication then returning 
uncorapletely treated gas to the inlet side of the combustor. 

12. An apparatus according to anyone of claims 
9-11, characterized by having cooling tubes 

10 positioned within said bed in order to make use of surplus 
heat. 
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